The visibility of small objects depends on their power to reflect, to refract and to scatter light. The smaller the objects the more important is the scattering effect and the less important is reflexion or refraction. The optimum conditions for observing scattering from small objects can be deduced from Rayleigh's equation (1899). Zimm, Stein & Doty (1945) , in a recent review, give an expression for the scattering of unpolarized light by objects much smaller than a wavelength. For the present purpose this can be set out as:
where I is the intensity of the scattered light and 8 is the angle between the incident beam and the direction of scattering. From this expression it follows that the maxima will be found in the scattered light when 8=0 and 180°, i.e. when the scattering is backwards or forwards in the direction of incidence. With objects approaching one wavelength of light in size, such as many microorganisms, there is appreciable interference between the scattered rays in the backward direction, which eliminates the backward maximum. There is then only one maximum in the scattered light, that in the forward direction, which is therefore the best direction in which to look for scattered light indicative of the presence of microscopic objects. I n the precise direction of incidence there is much unscattered light from the direct beam which will outshine the scattered light, so the path of the direct beam must be avoided, and the best direction in which to look will be just to one side of the direct beam. Reflexion and refraction can be considered together, because they are both aspects of the phenomena resulting from the difference of the refractive indices of the object and its environment. When this difference is small, as i t is with micro-organisms suspended in solid media, it can be shown that the greatest intensity of both refraction and reflexion from random objects lies near to the path of the direct beam. This direction is therefore the best in which to look for reflected and refracted light indicative of the presence of microscopic objects.
METHOD OF EXAMINATION
The above analysis indicates that the micro-organisms under examination should be illuminated in such a way that the eye of the observer (or the observation lens) will just, but only just, escape the direct beam used for illuminating the preparation. These conditions are therefore optimum for maximum visibility if used with a good black background against which the faintly scattered light is most clearly perceived. To get even illumination for photography the light must come from all sides. This condition is best fulfilled with an annular cone of rays symmetrically disposed about the optic axis of the camera. The required conditions were obtained with a simple apparatus shown in PI. 1, fig. 1 , and diagrammatically in Fig. 1 . As shown in the diagram (Fig. 1) the apparatus consists of an annular frame A which bears a ring of nine 12 V. 24 W. motor-car headlamp bulbs 0, connected in series and run direct from the 110 V. mains. (Bulbs (24 V.) could be run from 220 to 230 V. mains, or alternatively a transformer could be used to step down the mains-voltage and the lamps could be run in parallel.) A central stop, which provides a black background is obtained with a cylinder B of black paper, closed a t the bottom. The incident light is further limited by a diaphragm of black paper C . Stouter forms of B and C can be made from tin. The Petri dish containing the culture D to be examined is placed on a ring E which is clamped to the support which also bears the ring of lamps and the camera. The support is shown in Fig. 1 , where the path of the light rays OL is indicated. The central stop B and the diaphragm C prevent any direct rays reaching the camera lens. It will be seen that the light has only to be deviated through a small angle to reach the camera lens. Thus the illuminating and viewing directions are arranged in the best way to detect faint, scattered, reflected and refracted light from the culture.
To show the raised growth of certain of the cultures the lighting was varied from that in Fig. 1 . For deviations from plane surfaces, top-lighting is best, but should not be inclined a t too great an angle to the surface, or the elevations and depressions become imperceptible. Top-lighting is obtained by raising the ring of lamps above the plane of the Petri dish. To emphasize the elevation of the 2-2 colonies still further the light from half the ring of lamps is shaded with black paper and the light from the unshaded lamps is slightly diffused with a semicircular strip of matt celluloid. The photographs in P1.l, figs. 2 and 3, and P1.2, figs. 4-7, were taken with this illumination. fig. 6 , shows a colony of A . kutxingiunum, a species which, in certain media, forms a cellulose surface pellicle. The strong resemblance of this giant colony to that of A . ucetigenurn, which is also a cellulose-producing organism, may be noted. A . xylinum, another cellulose former, we found gave giant colonies similar to, though smaller than, those of A . kutxingiunum and A . ucetigenum. Finally, P1. 2, fig. 7 , shows the large zone of motile cells to be observed in giant colonies of A . suboxydans. The strain of A . subozyduns used in this work was N.C.T.C. 
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